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This invention relates to a process for producing or 
ganosilicon compounds. 

It is known that hydroxyl-containing organosilicon com 
pounds represented by the formula: 

i" 
110 51K) R’ 

R n (1) 

wherein R is a substituted or unsubstituted monovalent 
hydrocarbon group, R’ is an alkyl group or a hydrogen 
atom and n has a value of at least one can be condensed 
in the presence of a catalyst (e.g. sulfuric acid or potas 
sium silanolate) to produce a variety of useful diorgano 
siloxane products. 
By way of illustration, it is known that those hydroxyl 

containing organosilicon compounds represented by For 
mula 1 wherein R and R’ have the above-de?ned mean 
ings and n has a value from 1 to 7 can be condensed to 
form cyclic diorgano-siloxanes (i.e. diorganosiloxane 
cyclic trimers to heptamers) which can be separated from 
the reaction mixture free of most of the monofunctional 
and trifunctional impurities that often contaminate the 
hydroXyl-containing organosilicon compounds. These 
pure cyclic diorganosiloxanes can then be used in con 
ventional applications wherein monofunctional and tri 
functional impurities produce deleterious effects (e.g. in 
the production of gums for use in producing silicone 
elastomers). However, the catalysts currently employed 
in effecting the condensation of these hydroxyl-containing 
organosilicon compounds also catalyze the equilibration 
of diorganosiloxanes. When equilibrium is reached in 
such equilibration reactions, the reaction mixture contains 
648% by weight of the desired low molecular weight 
cyclic diorganosiloxanes and 82-94% by weight of higher 
molecular weight linear diorganopolysiloxanes (oils or 
gums). The equilibrium concentration of such low 
molecular weight cyclic diorganosiloxanes is convention 
ally increased above 18% by conducting the condensa 
tion in a solvent but, upon removal of the solvent from 
such reaction mixtures, the equilibrium concentration of 
these cyclic diorganosiloxanes reverts to 6-18% by weight 
unless the catalyst is also removed. Alternately, yields 
of the desired cyclic diorganosiloxanes higher than about 
18% are conventionally obtained by continuously re- , 
moving these cyclic diorganosiloxanes from the reaction 
mixture by distillation operations. The higher molecular 
weight diorganopolysiloxanes are thereby caused to de 
polymerize continuously to maintain the equilibrium con 
centration of the desired cyclic diorganosiloxanes in the 
reaction mixture. The necessity for such distillation op 
erations increases process costs and so constitutes an unde 
sirable feature of such processes. 
As a further illustration, it is known that those hy 

droxyl-containing organosilicon compounds represented 
by Formula 1 wherein R and R’ have the above-de?ned 
meanings and n has a value of at least 8 can be con 
densed to form diorganopolysiloxane oils and gums that 
can be employed, for example, in producing silicone elas 
tomers. However, as pointed out above, the catalysts 
currently employed in effecting the condensation of these 
hydroxyl-containing organosilicon compounds also cata 
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2 
lyze equilibration reactions and so 6—18% by weight of 
the desired diorganopolysiloxane oils and gums are con 
verted to lower molecular weight cyclic diorganosiloxanes 
(i.e. mostly diorganosiloxane cyclic trimers and tetram 
ers). Consequently, the yield of the desired diorgano 
polysiloxane oils and gums are diminished and the oils 
and gums contain 6-18% ‘by weight of the low molecular 
weight cyclic diorganosiloxanes. 

This invention is based on the discovery that lithium 
hydroxide and lithium diorganosilanolates catalyze the 
condensation of hydroxyl-containing organosilicon com 
pounds represented by Formula 1 but do not catalyze the 
equilibration of diorganosiloxanes to a signi?cant extent. 
This invention provides a process which involves con 
densing hydroxyl-containing organosilicon compounds 
represented by Formula 1 in the presence of a catalytic 
amount of lithium hydroxide or a lithium diorgano 
silanolate. 
The catalysts employed in this invention are lithium 

hydroxide and lithium diorganosilanolates which can be 
represented by the formula: 

wherein R and n have the meanings de?ned for Formula 
1 and R" is lithium or hydrogen. Illustrative of these 
silanolates are: LiO[Me2SiO]nLi, LiO[Me2SiO]nOH, 

.Lio[MeLio]..Li 

2H5 

Li[(C?H5)2SiO]nH and the like. These silanolates can 
be produced by known methods (e.g. by mixing two moles 
of lithium hydroxide and one mole of HO(Me2SiO)2OH 
and heating the mixture at 50° C. for one hour to produce 
LiO ( MezSiO) zoLi. 
The hydroxyl-containing organosilicon compounds em 

ployed in this invention are represented by Formula 1. 
Illustrative of the unsubstituted monovalent hydrocarbon 
groups represented by R in Formula 1 are the alkyl groups 
(e.g. the methyl, ethyl and octadecyl groups), the cyclo 
alkyl groups (e.g. the cyclohexyl and the cyclopentyl 
groups), the aryl groups (e.g. the phenyl, tolyl, xylyl and 
naphthyl groups), the aralkyl groups (e.g. the benzyl and 
beta-phenylethyl groups), the allsenyl groups (e.g. the 
vinyl, allyl and hexenyl groups) and the cycloalkenyl 
groups (eg the cyclohexenyl groups). Illustrative of the 
substituted monovalent hydrocarbon groups represented 
by R in Formula 1 are the alkyl, cycloallryl, aryl, arallryl, 
alltenyl and cycloalkenyl groups containing as substituents 
one or more halogen atoms or amino, cyano, carbalkoxy, 
aminoalkylamino, hydroxyl or hydrocarbonoxy (e.g. alk 
oxy or aryloxy) groups. These substituents do not react 
to any signi?cant extent during the condensation reaction. 
The groups represented by R in Formula 1 preferably con 
tain from 1 to 10 carbon atoms. Illustrative of the alkyl 
groups represented by R’ in Formula 1 are the methyl, 
ethyl and propyl groups. In Formula 1 n can represent an 
average value in those cases where mixtures of hydroxyl 
containing organosilicon compounds are employed. 

Typical of the hydroxyl-containing organosilicon com 
pounds represented by Formula 1 are those that are more 
specifically represented by the formulae. 

Me 

no SIlO 11 
Me a ' (3) 

Me 

no SliO c2115 
Me .. , ' (4) 
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“6° r 
HO SiO SiO H 

Me p R’” q (5) 

1\IIe VI'i 
HO SiO SiO O2H5 

Me n R’” q (6) 

wherein n, p and q each have a value of at least one, and 
R'” is a methyl or an ethyl group. As used herein “Me” 
denotes the methyl group and “Vi” denotes the vinyl 
group. 
The hydroxyl-containing organosilicon compounds em~ 

ployed in this invention can be produced by known 
processes. By one such known process, a diorganodi 
alkoxysilane is hydrolyzed and partially condensed in a 
mixture of a water and a solvent (e.g. ether). By another 
such known process, a cyclic diorganosiloxane is reacted 
with steam at an elevated temperature and pressure. 

In general amounts of catalyst that provide from 0.001 
part to 10 parts by weight of lithium per 100 parts by 
weight of the starting hydroxyl-containing organosiilcon 
compounds are useful in the process of this invention. 
Amounts of catalyst that provide 1 part to 2 parts of 
lithium per 100 parts by weight of the starting organo 
silicon compound are preferred. Although other than the 
indicated amounts of catalyst can be used, no commen 
surate advantage is gained thereby. 
The process of this invention is advantageously con 

ducted at a temperature from 25° C. to 175° C. How 
ever, the process is preferably conducted at a temperature 
from 90° C. to 150° C. Adherence to the indicated tem 
perature ranges is generally desirable but not critical. 
The process of this invention involves a condensation 

reaction that produces water as a byproduct and that can 
be represented by the skeletal equation: 

| I | l (7) 
When hydroxyl-containing organosilicon compounds rep 
resented by Formula 1 wherein R’ is an alkyl group are 
employed condensation reaction represented by the fol 
lowing skeletal equation can also occur to produce an al 
cohol as a byproduct: 

I l (8) 
However in the latter case, the reaction represented by 
Equation 7 occurs concurrently and at a faster rate. The 
water or the water and alcohol produced as a byproduct 
is preferably continuously removed from the reaction mix 
ture during the reaction by suitable means, e.g. by heating 
the reaction mixture at reduced pressure (preferably from 
1 to 10 mm. of Hg) at the above-mentioned preferred 
temperatures to volatilize the water or Water and alcohol. 
The hydroxyl containing organosilicon compounds and 

the catalyst can, if desired, be dissolved in an inert liquid 
organic compound in which they are mutually soluble and 
the process of this invention can be conducted therein. 
Suitable liquid organic compounds are ethers (e.g. diethyl 
ether and n-butyl ether), aromatic hydrocarbons (eg. 
xylene and toluene) and aliphatic hydrocarbons (e.g. n 
decane). Amounts of these liquid organic compounds 
from 10 parts to 1000 parts by weight per 100 parts by 
weight of the starting hydroxyl-containing organosilicon , , 
compounds are useful but amounts of the liquid organic 
compounds from 50 parts to 200 parts by weight of the 
starting hydroxyl-containing organosilicon compounds are 
preferred. At the completion of the process, the liquid 
organic compound can be removed from the desired di 
organosiloxane by any suitable means, eg. by heating the‘ 
reaction mixture to a temperature suf?ciently elevated to 
volatilize the liquid organic compound. 
At the completion of the process of this invention the 

catalyst can be removed from the diorganosiloxane by 
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any suitable means e.g. by washing the diorganopoly 
siloxane with acidi?ed water. 
Those hydroxyl-containing organosilicon compounds 

that are represented by Formula 1 wherein R and R’ have 
the above-de?ned meanings and n has a value from 1 to 7 
are condensed according to the process of this invention 
to produce mixtures containing cyclic diorganosiloxanes 
having the formula: 

(lesion (9) 
wherein R has the above-de?ned meaning and [J has a 
value from 3 to 7 and higher molecular weight linear di 
organopolysiloxanes. When the condensation of the lat 
tor-mentioned hydroxyl-containing organosilicon com 
pounds is conducted in the above~mentioned solvents, 
yields of cyclic diorganosiloxanes represented by Formula 
9 as high as 40% are obtained. Owing to the fact that 
the catalysts employed in this invention do not catalyze 
the equilibration of cyclic diorganosiloxanes represented 
by Formula 9 to form higher molecular weight diorgano 
polysiloxanes, the yield to these cyclic diorganosiloxanes 
is not reduced by such reactions when the solvent is re 
moved. Continuous distillation of such cyclic diorgano 
siloxanes from the reaction mixture is not necessary to 
obtain yields as high as 40%. 
Those hydroxyl-containing organosilicon compounds 

that are represented by Formula 1 wherein R and R’ have 
the above-de?ned meanings and n has a value of at least 
eight are condensed according to the process of this in 
vention to produce linear diorganosiloxanes having the 
formula: 

R 

R’O slio R’ 
I'i <1 (10) 

wherein R and R’ have the above-de?ned meaning and 
q has a value of at least sixteen. Owing to the fact that 
the catalysts employed in this invention do not catalyze 
the equilibration of such dimethylpolysiloxanes, these 
dimethylpolysiloxanes are produced essentially free of low 
molecular weight cyclic siloxanes (i.e. they contain from 
0% to 3% by weight of such cyclic siloxanes). 

In the production of linear diorganopolysiloxanes re 
presented by Formula 10 according to the process of this 
invention, the initial product is an oil. As the process is 
continued the viscosity of the oil increases till, in the case 
of alkoxy-containing hydroxyl-containing organosilicon 
compounds, a stable alkoxy end-blocked diorganopoly 
siloxane oil is produced. In the latter case, the process 
can be stopped at an intermediate point (e.g. by removing 
the catalyst) to obtain a diorganopolysiloxane oil con 
taining both hydroxyl and alkoxy end-blocking groups. 
In the case of hydroxyl-containing organosilicon com 
pounds free of alkoxy groups, the ?nal product is a gum 
but the process can be stopped at an intermediate point 
to produce a hydroxyl end-blocked diorganopolysiloxane 
oil. 
The diorganopolysiloxane oils produced in accordance 

with the process of this invention are preferably those 
represented by Formula 10 wherein R and R’ have the 
above-de?ned meanings and (J has a value from 200 to 
4000. These oils can be produced by conducting the 
process until the viscosity or any other conveniently meas 
ured property of the oil indicates that the desired mo 
lecular weight has been obtained and then removing the 
catalyst by any suitable means (e.g. by washing the oil 
with water to dissolve the catalyst). 
The diorganopolysiloxane gums produced in accord 

ance with the process of this invention are preferably those 
represented by Formula 10 wherein R and R’ have the 
above-de?ned meanings and g has a value from 6000 to 
15,000. These gums can be produced by conducting the 
process until the hardness (as measured, for example, by 
a Miniature Penetrometer) or any other conveniently 
measured property indicates that the desired molecular 
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Weight has been obtained and then removing the catalyst 
by any suitable means (e.g. by washing the gum with 
Water to dissolve the catalyst). 

Those diorganopolysiloxane oils produced in accord 
ance with the process of this invention that contain hy 
droxyl end-blocking groups undergo a ‘gradual increase 
in viscosity owing to the condensation of these hydroxyl 
groups, especially if the oils are exposed to elevated tem 
peratures. These oils can be stabilized against such 
increases in viscosity by reacting the oils with trihydro 
carbonhalosilanes (e.g. trimethylchlorosilane) in order to 
convert the hydroxyl groups to stable trihydrocarbonsiloxy 
groups as illustrated by the equation: 

On the other hand, it is often desirable to leave these 
hydroxyl groups intact, e.g. when it is desired to react 
the oil with an alkyd resin in order to modify the proper 
ties of the resin. 

Alkoxysilanes can be condensed along with the hy 
droxyl-containing organosilicon compounds represented 
by Formula 1 wherein n has a value of at least eight ac 
cording to the process of this invention. Suitable alkoxy 
silanes are those represented by the formula: 

RrSi(OR")4-r (12) 

wherein R and R’ have the above-de?ned meanings and r 
has a value from 1 to 3. Such cocondensations involve 
reactions that can be represented by Equation 8. These 
cocondensations are useful in producing diorganosiloxanes 
containing functional groups uniformly spaced throughout 
the siloxane chain or at the end of the siloxane chain. 
By way of illustration, a hydroxy-containing dimethyl 
polysiloxane can be cocondensed with methylvinyldieth 
oxysilane to produce a siloxane containing uniformly 
spaced vinyl groups according to the equation: 

wherein at is an integer. The siloxane so produced can 
be cured through the vinyl groups to produce a silicone 
gum. As a further illustration, hydroxy-containing di 
methylpolysiloxanes [e.g. HO(Me2SiO)2OH] can be co< 
condensed with methyltriethoxysilane to produce a silox 
ane containing uniformly spaced ethoxy groups which 
can be hydrolyzed and condensed to convert the siloxane 
to a silicone resin. As another illustration, a hydroxyl 
containing dimethylpolysiloxane [e.g. HO(Me2SiO)20I-I] 
can be cocondensed with gamma-hydroxypropyldimethyl 
ethoxysilane to produce a siloxane containing gamma-hy 
droxypropyl chain terminating groups. 

Illustrative of the alkoxysilanes represented by Formula 
12 are: methyltriethoxysilane, methylvinyldiethoxysilane, 
gamma-aminopropylmethyldiethoxysilane, beta-carbeth 
oxyethylmethyldiethoxysilane, gamma — cyanopropylmeth 
yldiethoxysilane, N-(beta-amino-ethyl)-gamma-aminoiso 
butylmethyldiethoxysilane, methyltriethoxysilane, trimeth 
ylethoxysilane and gamrna-hydroxypropyldimethylethoxy 
silane. 7' 

The diorganosiloxanes that are produced in accordance 
with the process of this invention are known compounds 
that are useful in a variety of applications. Thus the 
cyclic diorganosiloxanes can be converted to gums which 
can be used in producing silicone elastomers, the diorgan 
opolysiloxane oils can be used as hydraulic ?uids and the 
diorganopolysiloxane gums can be used in producing sili 
cone elastomers. 
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6 
The following examples illustrate the present invention: 

Example I 

A mixture was formed containing 10 grams of 
HO(Me-2SiO)20H and 0.2 gram of lithium hydroxide. The 
mixture was heated for 40 hours at 150° C. to produce 
a dimethylpolysiloxane gum free of low molecular weight 
cyclic dimethylsiloxanes. 

Example 11 

A mixture was formed containing 3.5 grams of lithium 
hydroxide and 175 grams of a silicone oil represented by 
the average formula: 

CaHs 

' HO SiiO 
CaHs 

The mixture was heated for four days at 85° C. to pro 
duce a gum. The gum so produced (100 parts by weight) 
was mixed with 35 parts by weight of ?nely divided silica, 
12 parts by weight of an ethoxy end-blocked dimethyl— 
polysiloxane, 0.2 part by weight of iron oxide and 2.5 
parts by weight of a solution of a peroxide curing agent. 
The lithium hydroxide had not been removed from the 
gum. The mixture was bin aged for four weeks, remilled, 
mold cured at 220° F. for 30 minutes and postcured at 
350° F. for four hours to produce an elastomer. The 
linear shrinkage during the postcure was 3.0% due to 
curing and thermal contraction of the elastomer. 
For comparison purposes, a catalyst-free dimethylpoly 

siloxane gum containing 12 wt.-percent of octamethyl 
cyclotetrasiloxane was converted to an elastomer by a 
process essentially the same as that described above. This 
elastomer underwent a 7% linear shrinkage during post 
cure due to curing and thermal contraction of the elasto 
mer and volatilization of low molecular weight cyclic 
diorganosiloxanes. The, lower linear shrinkage of the 
former elastomer is due to the absence of low molecular 
Weight cyclic diorganosiloxanes in the starting gum. 
What is claimed is: 
1. A process for condensing organosilicon compounds 

represented by the formula: 

(MezSiO) zotMeViSiO) 0.0670 H 

wherein R is a member selected from the group consisting 
of the unsubstituted monovalent hydrocarbon groups and 
the substituted monovalent hydrocarbon groups wherein 
each substituent is a member selected from the group of 
the halogen atom, and the amino, hydroxyl, cyano, carb 
alkoxy, aminoalkylamino, alkoxy and arylcxy groups, R’ 
is a member selected from the group consisting of the 
alkyl groups and the hydrogen atom and n has a value of 
at least one, which process comprises condensing an or 
ganosilicon compound represented by said formula in the 
presence of a catalytic amount of a compound selected 
from the group consisting of lithium hydroxide and the 
lithium diorganosilanolates. 

2. A process for condensing organosilicon compounds 
represented by the formula: 

i‘ 
HO SIiO R’ 

R n (1) 

wherein R is an alkyl group and n has a value from 1 to 7 
and R’ is a member selected from the group‘ consisting 
of the alkyl groups and the hydrogen atom to produce 
cyclic diorganosiloxanes represented by the formula: 

(RZSiO)p (2) 
wherein R has the above-de?ned meaning and p has a . 
value from 3 to 7, which process comprises condensing 
an organosilicon compound represented by Formula 1 in 
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the presence of a catalytic amount of a lithium dior 
ganosilanolate represented by the formula: 

1? 
LiO SliO Li 

R D 

wherein R and n have the above-de?ned meanings to 
produce a cyclic diorganosiloxane represented by For 
mula 2. 

3. A process for condensing organosilicon compounds 
represented by the formula: 

wherein R is an alkyl group, n has a value of at least 
eight and R’ is a member selected from the group con 
sisting of the alkyl group and the hydrogen atom to 
produce linear diorganopolysiloxanes represented by 
formula: 

wherein R and R’ have the above-de?ned meanings, and 
q has an average value of at least sixteen which process 
comprises condensing an organosilicon compound repre 
sented by Formula 1 in the presence of a catalytic amount 
of lithium hydroxide to produce a diorganopolysiloxane 
gum compound of groups represented by Formula 1. 

4. A process for condensing organosilicon compounds 
represented by the formula: 

Me 
| 

E0 are 5 

Me n 

wherein n has a value of at least eight to produce a di 
methylpolysiloxane gum, which process comprises heating 
an organosilicon compound represented by said formula 
to a temperature from 25° C. to 175° C. in the presence 
of lithium hydroxide in an amount that provides from 
0.001 part to 10 parts of lithium per 100 parts of the 
organosilicon compound to produce the gum. 

5. A process for condensing organosilicon compounds 
represented by the formula: 

$H3 (fHL-CHZ 
H O (Si O > O E 

43113 p R" a 

wherein R" is a methyl group, p and q each have a value of 
at least one and the sum of p and q has a value of at least 
eight to produce a gum, which process comprises heating 
an organosilicon compound represented by said formula 
to a temperature from 25 ° C. to 175° C. in the presence 
of a lithium diorganosilanolate represented by the 
formula: 

Me 

LiO<SIiO>Li lite . 
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8 
wherein n has a value of at least eight in an amount 
sufficient to provide from 0.001 to 10 parts by weight of 
lithium per 100 parts by weight of the organosilicon com 
pound to produce the gum. 

6. A process for condensing HO(Me2SiO)nH wherein 
n has a value of at least eight, which comprises heating 
HO(Me2SiO)nH at a temperature from 90° C. to 150° C. 
and at reduced pressure in the presence of sufficient lith 
ium hydroxide to provide from 1.0 to 2.0 parts of lithium 
per 100 parts by weight of the HO(Me2SiO)nH to pro 
duce a dimethylpolysiloxane gum. 

7. A process for condensing HO(Me2SiO)nH wherein 
n has a value of at least eight, which comprises heating 
HO(Me2SiO)nI-I at a temperature from 90° C. to 150° C. 
and at reduced pressure in the presence of 

LiO ( MeZSiO ) nLi 
to provide from 1.0 to 2.0 parts of lithium per 100 parts 
by weight of the HO(Me2SiO)nH to produce a dimethyl 
polysiloxane gum. 

8. A process which comprises cocondensing (1) an 
organosilicon compound represented by the formula: 

If 
HO ?iH R’ 

R 11 

wherein R is a member selected from the group consist 
ing of the unsubstituted monovalent hydrocarbon groups 
and the substituted monovalent hydrocarbon groups 
wherein each substituent is a member selected from the 
group consisting of the halogen atoms and the amino, 
hydroxyl, cyano, carbalkoxy, aminoalkylamino, alkoxy 
and aryloxy groups, R’ is a member selected from the 
group consisting of the alkyl groups and the hydrogen 
atom and n has a value of at least eight and (2) an 
alkoxysilane represented by the formula: 

wherein R and R’ have the above de?ned meanings and r 
has a value from 1 to 3, said cocondensation being effected 
in the presence of a catalytic amount of a member selected 
from the group consisting of lithium hydroxyide and 
lithium diorganosilanolates. 

9. The process of claim 8 wherein the alkoxysilane is 
methyltriethoxysilane. 

10. The process of claim 8 wherein the alkoxysilane 
is methylvinyldiethoxysilane. 
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